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Abstract
Background: Cambodia has reported multidrug resistant bacteria in poultry, similar to other countries in the
region. We visited commercial food animal farms to explore opinions and antibiotic practices on the farms.
Methods: We used individual in-depth qualitative interviews with 16 commercial farmers, four feed retailers and
nine veterinarians from food animal industry and government offices from the southwestern region of Phnom
Penh. Transcribed interviews were thematically analysed.
Results: Widespread antibiotic use occurred on all farms and was driven by four facilitators: belief that antibiotics
were necessary for animal raising, limited knowledge, unrestricted antibiotic access, and weak monitoring and
control systems. “If we treat ducks for two days and they aren’t cured we change to human drugs. We cocktail 10
tablets of this, 10 tablets of that and 20 tablets of this one. Altogether 200 tablets are mixed in 100 or 200 L of water for
the ducks to drink. No one taught me, just my experiences.” Antibiotics were believed to be necessary for disease
prevention. “On the first day when we bring in the chicks, we let them drink Enro [enrofloxacin] and vitamins to make
them resist to the weather. We place them in the house and there are some bacteria in the environment. When they are
newly arrived, we have to give them feed. So we’re afraid they get diarrhea when they eat feed, we have to use Enro.”
All farmers used pre-mixed feed that veterinarians and feed retailers acknowledged contained antibiotics but not all
listed the antibiotics. Farmers viewed pre-mixed feed as a necessary ‘feed supplement’ for growth promotion.
“….The fatten supplement is mixed in feed. Pigs aren’t growing well unless I use the supplement.” Farmers and
veterinarians were concerned that ‘antibiotic residuals’ in animal meat could harm human health. But they did not
link this with antibiotic resistance.
Conclusions: Antibiotic use in food animals was widespread and uncontrolled. Farmers focused on the benefits of
food animal production rather than concerns about the consequences of antibiotic use. Therefore, education for
prudent use of antibiotics in food animals and regulations are urgently needed in food animal farming in Cambodia.
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Background
The use of antibiotics is associated with the development
of antibiotic resistance [1–4] and this association has
been observed since the time penicillin was introduced
into clinical treatment [5, 6]. As early as 1940 Abraham
et al. reported the ability of Staphylococcus aureus to
adapt to higher concentrations of penicillin [5]. In just
five years after the first use of penicillin to treat
Staphylococcus aureus infections the level of resistance
rose from less than 1 % [7] to almost 60 % [8]. The most
common mechanism for bacteria to develop antibiotic
resistance is through plasmid mediation [9–11] where
antibiotic resistance genes can be transferred within and
between bacterial species [7, 11, 12].
Food animals are routinely exposed to sub-therapeutic
doses of antibiotics for the purpose of growth promotion
and prophylaxis [13] and this practice commenced in
high density food animal farming as early as the 1950s
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[13–15]. This sub-therapeutic antibiotic use in food ani-
mals has been linked to antibiotic resistance in bacteria
found in food animal products and their environment
[16–19]. These resistant bacteria are transmitted to
humans through food consumption and direct contact
with animals and their environment [13, 17, 20]. For in-
stance, the sub-therapeutic use of enrofloxacin has been
associated with increased quinolone resistance in E. coli
isolates in poultry products [21]. Environmental spread
of antibiotic resistant bacteria from swine facilities were
detected in downstream water that contained antibiotic
resistant enterococci and resistant E. coli at a concentra-
tion of up to 33 times higher than the concentration in
the upstream water [22]. Residents near turkey farms
where avoparcin was used for growth promotion were
found to harbor vancomycin-resistant enterococci sug-
gesting environmental transmission [23]. An example of
direct transmission of resistance was reported in a study
that identified methicillin resistant Staphylococcus aur-
eus (MRSA) ST398 in both farmers and their broiler
chickens [24].
In 2006 the European Union withdrew support for
antibiotic use as a growth promoter [25]. Yet, antibiotic
use in food animals, especially for growth promotion,
has increased globally with the increase in food animal
farming in developing countries [26]. In 2011 close to
half of all the global antibiotics used in food animals was
used in the Asia-Pacific region and Salmonella,
Campylobacter and E. coli in livestock in this region
were found to be multidrug resistant [27]. A study from
Thailand reported multidrug resistant strains of Salmon-
ella enterica isolates from poultry and swine [28]. Simi-
larly, in Laos a study reported 73 % of Salmonella
isolates from beef, pork and buffalo meat were multidrug
resistant [29]. Multidrug resistance was also reported in
Salmonella serovars and Campylobacter spp. isolates
from poultry meat in the Cambodian capital, Phnom
Penh [30]. Many studies have identified pathogenic bac-
teria and multidrug resistance in food animals but omit
exploring farmers’ practices and opinions about anti-
biotic use. We went to farms in the southwestern region
of the Cambodian capital city, Phnom Penh, to explore
practices and opinions of commercial farmers in associ-
ation with antibiotic use and obtained confirmation from
feed retailers and veterinarians.
Methods
Study design and setting
This qualitative study used individual in-depth inter-
views between December 2013 and February 2014.
Cambodia is a low-income country with a population of
15.33 million [31] who predominantly reside in rural
areas [31, 32]. Traditionally, Cambodian households
raise poultry and pigs in their backyards for food and to
supplement their household income [33–36]. The num-
ber of backyard animals varied from one to six pigs [36],
five to 13 ducks and 18 to 37 chickens [34]. Commercial
poultry production supported by foreign investment
commenced in Cambodia in mid-1990s [34]. The aver-
age number of animals on commercial poultry farms is
3500 broiler chickens, 5000 layer chickens and 900
ducks [34]. The pig population for the whole country
has been estimated at about 2 million with 80 % raised
in household backyards [36, 37]. There are only three
commercial industries that raise pigs and supply grand-
parent stock, breeding sows, piglets, feeds and veterinary
products to farmers [36]. Commercial pig farmers raise
between 10 and 30 pigs, normally feed their animals a
mixture of rice, commercial food and vegetables while
“some farmers” [36] were reported to also use medicated
feed or growth promoting feed [36]. Feed and veterinary
products including antibiotics for pigs and poultry are lo-
cally produced, imported and distributed by various private
local and foreign companies [34, 36]. Three categories of
commercial food animal farming occurs in Cambodia:
contracted, semi-contracted and non-contracted farms [34].
Contracted farmers provide labor and animal housing
while the contracting industry provides the animals,
feed, veterinary products, and technical supports to
raise the animals. Contracted farmers are remunerated
according to the number of animals they produce.
Semi-contracted farmers sell the food animals to the
contracting industry at an agreed price while these
farmers provide their own animals, animal feed, and
veterinary products. Semi-contracted farmers receive
limited technical advice from the contracting industry.
Non-contracted farmers are independent of the con-
tracting industry.
Sampling, data collection and analysis
Participants included broiler poultry and pig farmers,
animal feed retailers, food animal industry veterinarians
(industry veterinarians), and governmental veterinarians.
Participants were recruited using purposive sampling
[38]. We held interviews with farmers on their farms
and also made field observations. Feed retailers were
interviewed in their shop and veterinarians were inter-
viewed in their office. Farmers were from the southwest
of Phnom Penh, Cambodia, because farming was con-
centrated in this region. Individual interviews contin-
ued until data saturation when no new information
was elicited [39, 40]. Photographs of feed bags and
antibiotics used on the farm were taken with permis-
sion. A Khmer speaking physician (CO) conducted all
interviews. All interviews were digitally recorded and
transcribed verbatim by an experienced transcriber
and an independent local medical doctor checked
transcripts against digital recordings before translation
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into English. During data coding one author cross-
checked any unclear translations against the tran-
scribed Khmer transcripts. To improve validity, data
were inductively coded by both authors and checked
for consistency and any discrepancies were discussed.
Thematic data analysis technique was used to guide
analysis and the results were presented as thematic
syntheses [41, 42]. Nvivo version 10 was used to
facilitate data coding and analysis. Field notes were
also used to assist interpretation.
Ethical consideration
The study was approved by the Cambodian Department
of Animal Health and Production, Ministry of Agriculture
and Fishery and Forestry, and UNSW Australia. All partic-
ipants signed consent form for interview.
Results
Interviews were given on farms by 16 farmers (seven
contracted, four semi-contracted and five non-
contracted), nine government and industry veterinar-
ians and four animal feed retailers. The farm size
varied between 3000 and 4500 broiler chickens, be-
tween 500 and 1000 broiler ducks, between 70 and
150 pigs with the exception of one farm that had
1000 pigs. Antibiotics were widely used on all farms
participating in this study and all interviews and ob-
servations indicated that antibiotic practices were un-
controlled. We report factors that contributed to
antibiotic use and concerns that were raised by par-
ticipants about antibiotic use in food animals.
Antibiotics necessary for food animal production
Interviews with farmers, veterinarians and animal
feed retailers and field observations identified a
broad range of antibiotics used on food animal
farms including beta-lactam, fluoroquinolones, tetra-
cycline, colistin and lincosamides. Farmers and vet-
erinarians commonly spoke of ‘antibiotics’ being
useful for the prevention and treatment of diseases
in their animals and believed that without antibi-
otics, their livestock would not thrive. All poultry
and pig farmers administered antibiotics in the
water for disease prevention and treatment. For
treatment and prevention of diarrhea and respiratory
infections with antibiotics known by name, all
farmers reported having used enrofloxacin and
amoxicillin. During field visits to poultry farms all
used a packaged amoxicillin-colistin mixture for
respiratory and gastrointestinal infections.
Semi-contracted chicken farmer (140120_002): If
we don’t use any antibiotics at all, when the chicken
get sick the chicken will not recover.
Contracted chicken farmer (131208_005): If it was
severe diarrhea, we give Amox [amoxicillin] to stop it.
Amox can help heal the colon and stomach of the
chicken so that they do not get much diarrhea.
Non-contracted duck farmer (140120_005): This
one is Enro [enrofloxacin] for preventing diarrhea when
the ducks are small. It is good to use [enrofloxacin] one
or two courses.
Non-contracted pig farmer (140206_001): When
pigs get sick for example if they have diarrhea, I would
buy an injectable antibiotic, Enro [enrofloxacin] [but]
it depends on the type of disease, I use injections when
pigs have diarrhea or fever. If the pigs dislocates its
joint leg, I would give them Amox [amoxicilin] and
Dexa [Dexamethasone] injection. I didn’t study
anything but I just learnt it from the vet I often called
to give injections to my pigs in the past.
Industry veterinarians who advised on a daily basis
contracted chicken farmers described the routine use of
antibiotics:
Industry veterinarian (13219_003): On the first day
when we bring in the chicks, we let them drink Enro
[enrofloxacin] and vitamin in order to make them
resist to the weather. We place them in the house and
there are some bacteria in the environment. When
they newly arrive, we have to give them feed. So we are
afraid they get diarrhea when they eat feed, we have
to use Enro.
Industry veterinarian (131224_002): If we talk about
chicken raisers, all of them use antibiotics. No-one
doesn’t use them. Farmers want chickens with meat. If
chickens eat feed and get diarrhea, the chickens will
not have meat. Antibiotics reduce diseases and provide
quality meat.
Although farmers and veterinarians did not explicitly
use the term ‘growth promotion’ their purpose of anti-
biotic use was to promote growth. They commonly
spoke about a belief that antibiotics facilitated their ani-
mals’ ability to ‘fight off diseases’, given as the common
cold and diarrhea, that would reduce meat production.
Based on observations and discussions with veterinarians
antibiotics were always present in the feed products for
pigs. A pig famer used feed mixture containing doxycyc-
line and tylosine, or chlortetracycline while others used
feed labelled as containing ‘antibiotics’ but these were
not specified. Farmers referred to these types of feed as
‘feed booster’, ‘feed master’ or ‘feed supplement’ and used
these to boost growth.
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Non-contracted pig farmer (131208_002): I buy
fatten supplement from company. The fatten supplement
is mixed in feed. Pigs are not growing well unless I use the
supplement.
Non-contracted pig farmer (140206_001): I bought
feed booster [with doxycycline and tylosine] to mix
with husk and rice distilled from alcohol. After
weaning we mixed it for the piglets to eat a little to
fight off diseases. It is effective and the pigs will eat
more. They don’t get sick, no diarrhea. It’s for all pigs,
piglets and adult pigs.
Observations of poultry animal feed bags were labelled
using a code or labelled as ‘feed additive’. Of the farming
industry and government veterinarians and feed retailers
who were interviewed all reported that these additives
included antibiotics.
Senior government veterinarian (131217_001):
Locally produced feed is mixed in with antibiotics but
the thing is that we don’t know how much antibiotics
are mixed. They include some substances and antibiotics
to fight off diseases like diarrhea.
Feed retailer (131208_007): There might be
antibiotics in it [the feed], there might be supplements
of growth hormones or there could be chemical
substances which we don’t know about. But I think
there is an addictive substance included so when the
animal eats it they become addicted and grow fat.
Limited understanding of antibiotics
Knowledge of antibiotics among farmers was limited to
knowing the names of some antibiotics they used rou-
tinely, such as enrofloxacin and amoxicillin. None of the
16 farmers exhibited an understanding about the actions
and indications for antibiotics. They explained that they
relied on the logo and color of the label to identify the
antibiotics for the treatment of sick animals and choice
and dosage were not pharmacologically based, only
experiential. Non-contracted broiler duck farmers admit-
ted to treating their animals with human antibiotics.
Semi-contracted chicken farmer (131208_005): This
is a diarrhea medicine. It wasn’t effective. It only
worked when I used the blue one instead. I don’t know
the name of the medicine. They [industry] wouldn’t
tell me their most effective medicine.
Non-contracted duck farmer (131207_001): If we
treat ducks for two days and they aren’t cured we
change to human drugs. We cocktail ‘10 tablets of this’
[points to drugs] ‘10 tablets of that’ [points to another
drug] and ‘20 tablets of this one’ [points to another
drug]. Altogether 200 tablets are mixed in 100 or 200 l
of water for the ducks to drink. No one taught me, just
my experiences (See Fig. 1).
Semi-contracted and non-contracted farmers described
unconventional treatment regimens while contracted-
farmers understood that the contract industry veterinarian
was responsible for treatment.
Semi-contracted chicken farmer (140120_002):
Antibiotics are normally used for treatment. Sometimes
the chickens are not fine and we cannot find the causes.
So it’s good to treat them ‘bit by bit’ so that it won’t get
serious, and the vet also recommended me to use like that.
Contracted chicken farmer (131208_001): When the
chickens have bloody diarrhea, we see the stool and we
see bloody diarrhea and so on, we notify the company’s
vet to come. The vet would bring the medicine for us
to mix with water for the animals to drink and so on.
Imported antibiotics were not labeled in Khmer.
This challenged not just the farmers but also veteri-
narians and animal feed retailers who give advice to
farmers.
Non-contracted duck farmer (140120_005): I can’t
read, I just tell them [retailers] I want to buy medicine
with the logo of a chicken with its head tied up.
Contracted chicken farmer (131208_005): It’s a
diarrhea medicine. It was not effective only when I
turn to use the blue one instead. I don’t know the
name of those medicines.
Fig. 1 Human medicines used to make a cocktail for the treatment
of broiler ducks
Om and McLaws Antimicrobial Resistance and Infection Control  (2016) 5:42 Page 4 of 8
Contracted chicken farmer (131208_001): I don’t
know the name of the medicines. There are types of
antibiotics. All are written in English and I don’t know
English.
Feed retailer (131208_008): Yes, if we buy products
which don’t have Khmer written on them, it’s difficult.
I want all imported medical products to Cambodia to
have Khmer written on them so that the farmers find
it easy to read. Not just farmers, even me who as a
seller, without Khmer letters written on them, I also
find it hard to read.
Unrestricted access to veterinary antibiotics
Antibiotics can be purchased without veterinary pre-
scription from any animal feed retailers. Although all re-
tailers may prescribe animal antibiotics not all were
trained veterinarians.
Semi-contracted pig farmer (131208_002): I buy the
drugs directly from drug store by telling them the
symptoms. They’ll provide the drugs according to the
symptoms. Sometimes, there are 2 to 3 types of drugs
which I can’t remember the name because I can’t read
the foreign letters.
Feed supplier (131208_007): For example, this
month most animals had a bad cold and red
spots on their bodies. I cocktailed drugs for them,
for the red spots I would cocktail antibiotic like
linco [lincomycin] plus a cooling [antipyretic]
medicine.
There are private companies outside the contracting
industry that produce and import feed and antibiotics.
These companies market antibiotics and veterinary
products directly to semi- and non-contracted farmers.
These companies explain to farmers the use of their
products or they invite farmers to participate in
training sessions on how to use their products.
Contracting industries also promote their products
to their farmers.
Industry veterinarian (131224_002): They [farmers]
can ask [private] companies to come to their farms.
These companies instruct them on the use of lots of
antibiotics, almost all types.
Senior government veterinarian (131217_001):
Companies advertise to compete with each other by
saying that the products from their companies are
much better, make animals healthy because the feeds
have enough proteins and so on, and the animals
would not get sick.
Semi-contracted pig farmer (140120_003): The
[contracting] company invited me to join their
training. For instance, the company has medicines and
they want to sell them, so, they called me to join the
training to know how to use them.
A weak monitoring and control system
The Cambodian government veterinarian advisory sys-
tem works at central level, provincial, district and village
level. Experienced farmers are trained in basic animal
husbandry to become part of the veterinarian advisory
system at the village level. These advisory farmers pre-
scribe antibiotics for household food animals but are not
used by their peer non-contracted farmers as a source of
information or treatment. There are other factors that
adversely impact the capacity to control antibiotic use in
food animals. These include limited expertise in staff
from the agricultural departments to monitor farming
practices and limited financial and material support to
test for antibiotic resistance. The activities of the govern-
mental veterinarians focused on household pigs and
cows but not commercial farms. The management of
commercial food animals was through industry and the
individual farmer.
Senior government veterinarian (131217_001): How
many specialists do we have so far at the animal service
department [not many]? Another thing is material, is our
facility sufficiently equipped? And can we detect problems
yet? Another problem is budget. If you ask why the budget
is relevant because when you go to field to do research,
we need money.
District government veterinarian (140206_004): For
chicken and ducks we don’t focus much on them. We
[government services] focus heavily only on preventive
and treatment measures on cows and pigs.
There is no control of antibiotic use by non-
contracted and semi-contracted farmers. Although
contracted farmers use antibiotics provided by the
contracting industry our observations and discus-
sions revealed that there was no guarantee that anti-
biotic use by contracted farmers was appropriately
controlled.
Industry veterinarian (131224_002): No-one
controls these [semi- and non-contracted] sectors.
For the company, this isn’t a problem. In feed, there
could be a mixture of some [antibiotics] but by the
age of 35 days chickens are not allow to eat feeds
with antibiotics. So, there is a window of 10 days
that chickens should eat feed without any drugs
before being slaughtered.
Om and McLaws Antimicrobial Resistance and Infection Control  (2016) 5:42 Page 5 of 8
Concerns about antibiotic use
Despite focusing on the benefits of antibiotic use on pro-
duction participants expressed concerns about potential
consequences of antibiotic use in food animals on
humans. Farmers, veterinarians and animal feed retailers
spoke about their concerns for ‘antibiotic residuals’ in
the meat and adverse impacts on the growth of animals.
Non-contracted pig farmer (140206_001): I think
antibiotics will have consequences on people who
eat the meat. That’s why it is good if we keep those
pigs for one week or so without antibiotics before we
can sell them.
Industry veterinarian (131224_002): Based on my
limited knowledge there’s a possible impact. When we
use amoxicillin in animals the residual may remain in
the animal when it’s sent to slaughter. If we eat this
meat it will impact our health. When we use this kind
of antibiotic on ourselves it will not be effective
because of the residual [resistance] in the food.
A fear of the consequences from antibiotic use in their
animals was raised during interviews. Farmers and feed
retailers spoke about their experience of animals dying
when they received an ‘overdose’ of antibiotics and
about their animals stopped growing when they con-
sume ‘too much’ antibiotics.
Non-contracted pig famer (140206_001): When we
overdose [the animals] it will have consequences in the
pigs. It can make the pigs shake and stop growing.
Non-contracted chicken farmer (131207_002):
Actually I need to limit [antibiotics]. I don’t want to
use it much because using medicines can lead to the
reduction of our yields.
Contracted chicken farmer (131208_006): If we use
amox [amoxicillin] a lot the chicken won’t grow. When
the chicken gets recovered from the sickness they still
won’t grow up.
Animal feed supplier (131208_007): The
consequence is not so huge because we don’t use them
[antibiotics] much. Yes, but antibiotics really can
make the pigs stop growing.
When the interviewer raised the possibility that
humans who consume meat from antibiotic-fed ani-
mals may produce antibiotic resistance in the
human, none of the farmers had heard of this link.
However, a veterinarian expressed a concern related
to such a link.
Senior government veterinarian (131217_001):
When we eat the meat, usually having drug
substances, it’s no different from taking a medicine,
limited dose, low dose. It’s not right. We absorb
antibiotics too. They act by telling the microorganisms
inside our bodies that there is antibiotic coming. Day
one, microorganisms are in coma. Day two, they are
better and on day three, these microorganisms are fine,
no problem. It is like that.
Discussion
We went to commercial food animal farms and found
antibiotics were used widely and uncontrolled on all par-
ticipating farms. Farms listed in the region from which
we recruited included 69 commercial broiler chicken
farms (mostly contracted) and 10 broiler duck farms
(unknown contract category) but there were no data on
commercial pig farms [34]. The farming industry, feed
retailers and veterinarians associated with our 16 farms
also have dealings with farms across this region. The
marketing of products by industry will no doubt be simi-
lar across the region and we therefore believe the prac-
tices we have reported here are common to other farms.
These practices were guided by the commercial farming
industry and feed retailers. The labelling of pre-mixed
feeds containing antibiotics did not always specify the
antibiotic by name and labels were not always in Khmer.
These two practices prevented farmers from making an
informed decision about their antibiotic use. Access to
antibiotics was not restricted as farmers could purchase
any drug from retailers without prescription. These find-
ings suggest that measures to ensure prudent use of an-
tibiotics by food animal farmers and monitoring
programs were lacking and our findings concur with a
seminal review of practices in eight Southeast Asian
countries [43].
An antibiotic-free period in the animals before slaugh-
ter could not be evaluated on any of the farms for us to
establish whether these practices correspond with inter-
national guidelines [44]. Of major concern was the prac-
tice of using human antibiotics as the last resort to treat
animals not responding to drug cocktails.
The majority of Salmonella and Campylobacter spe-
cies sampled from chicken meat retailers in Phnom Penh
markets were resistant to nalidixic acid, amoxicillin,
ciprofloxacin and cefalotin [30]. Based on these findings
[30] and our observations of widespread unrestricted
antibiotic use we speculate that there is a relationship
between antibiotic use on the farms and resistance in
the food animal meat samples. This relationship was
found elsewhere [45, 46]. Vancomycin resistant E. faecalis
isolates from food animals were associated only on farms
where avoparcin had been used [45]. The use of fluoroqui-
nolones, such as enrofloxacin, in poultry was associated
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with ciprofloxacin-resistant Campylobacter jejuni isolates
from both poultry and human [46] resulting in the with-
drawal of fluoroquinolones from poultry farming in 2005
in the United States [47].
Recent microbiological studies in Cambodia reported a
significant increase in the resistance to ciprofloxacin in
Salmonella typhi isolates from human bloodstream
infections [48–50]. Although there is an absence of a
definitive study examining the association between such
resistance in both humans and food animals, we are par-
ticularly concerned because (i) enrofloxacin was widely
used in all participating food animal farms (ii) resistant
genes can be transferred within and between bacterial
species [51, 52] and (iii) bacteria resistant to one class of
antibiotic administered to food animals are capable of
developing resistance to antibiotics of similar classes
administered to humans [13].
We cannot speculate on the antibiotic misuse in
food animals kept in backyards in Cambodia. How-
ever, based on other studies into environmental con-
tamination of water sources [22, 23] we believe there
is a potential for the spread of antibiotic resistant
bacteria to both residents and animals located around
our participating farms.
Our farmers could not express directly their concerns
about adverse effects of antibiotics in terms of resistance.
But they did express concerns about adverse effects in
humans from ‘antibiotic residuals’ in animals prior to
being slaughtered and eaten. These concerns about the
‘antibiotic residual’ effects in the meat could be utilized
by veterinarians and government agencies to educate
farmers to reduce indiscriminate antibiotic use. Educa-
tion of farmers should not be provided by the industry
which may be self-serving. However, as antibiotics are
mostly administered in pre-mixed feed the reduction of
antibiotics would have to start with policies directed at
the contracting industry and feed retailers who supply
feed as these represent the entire source of feeds to
farmers. Weak capacity of monitoring animal husbandry
and control of antibiotic use in livestock is similar in
some countries in the region [43].
Conclusions
The antibiotic practices in food animals were inappropri-
ate and uncontrolled. Farmers focused on production ben-
efits from antibiotics rather than the consequences of
antibiotic use. Regulation, monitoring and control pro-
gram for prudent use of antibiotics in food animals must
begin with feed retailers and commercial industry. Label-
ling of all veterinary products must be in Khmer. Prudent
use of antibiotics must begin with knowledgeable farmers
and their training should be provided by an agency inde-
pendent of the industry.
Abbreviations
UNSW: University of New South Wales; WHO: World Health Organization
Acknowledgements
We are grateful for the invaluable contributions of farmers, veterinarians,
animal feed retailers and the Department of Animal Health and Production
and their staff for their collaboration and coordination of fieldwork.
Funding
The fieldwork was financially supported by Fondation Mérieux, Cambodia.
Fondation Mérieux, Cambodia had no role in the study design, data
collection, analysis, interpretation, writing of this manuscript, or the decision
to submit the manuscript for publication. Dr Chhorvoin Om is supported by
a four-year Australian government scholarship program for his PhD at UNSW,
Australia and the scholarship providers had no role in this study.
Availability of data and materials
Data are stored securely at UNSW, Australia according to the university data
storage policy. If requested, the data can be shared.
Authors’ contributions
Both authors contribute equally to study design, data analysis and writing of
the manuscript. CO conducted interviews. Both authors read and approved
the final manuscript.
Competing interests




The study was approved by the Cambodian Department of Animal Health
and Production, Ministry of Agriculture and Fishery and Forestry, and UNSW
Australia. All participants signed a consent form prior to interview.
Received: 7 August 2016 Accepted: 3 November 2016
References
1. McGowan JE. Antimicrobial resistance in hospital organisms and its relation
to antibiotic use. Rev Infect Dis. 1983;5(6):1033–48.
2. Mladenovic-Antic S, Kocic B, Velickovic-Radovanovic R, Dinic M, Petrovic J,
Randjelovic G, et al. Correlation between antimicrobial consumption and
antimicrobial resistance of Pseudomonas aeruginosa in a hospital setting: a
10-year study. J Clin Pharm Ther. 2016;41(5):532–7.
3. Velickovic-Radovanovic R, Petrovic J, Kocic B, Antic S, Mitic R. Analysis of
antibiotic utilization and bacterial resistance changes in a surgical clinic of
Clinical Centre, Nis. J Clin Pharm Ther. 2012;37(1):32–6.
4. Velickovic-Radovanovic R, Stefanovic N, Damnjanovic I, Kocic B, Antic S,
Dinic M, et al. Monitoring of antibiotic consumption and development of
resistance by enterobacteria in a tertiary care hospital. J Clin Pharm Ther.
2015;40(4):426–30.
5. Abraham EP, Chain E, Fletcher CM, Florey HW, Gardner AD, Heatley NG,
et al. Further observations on penicillin. Lancet. 1941;2:177–89.
6. Rammelkamp CH, Maxon T. Resistance of Staphylococcus aureus to the
action of penicillin. Proc Soc Exp Biol Med. 1942;51(3):386–9.
7. Power EGM. Bacterial resistance to antibiotics. In: Hugo WB, Russell AD,
editors. Pharmaceutical microbiology. 6th ed. Oxford: Blackwell Science;
1998. p. 181–200.
8. WHO. A Safer Future: Global Public Health Security in the 21st century. Geneva;
2007. http://www.who.int/whr/2007/whr07_en.pdf. Accessed 7 Nov 2016.
9. Sheldon A. Antibiotic mechanisms of action and resistance. In: Mahon CR,
Lehman DC, Manuselis G, editors. Textbook of diagnostic microbiology. 3rd
ed. St. Louis: Saunders Elsevier; 2007. p. 303–18.
10. Davies J. Microbial resistance to antimicrobial agents. In: Ristuccia AM,
Cunha BA, editors. Antimicrobial therapy. New York: Raven; 1984. p. 11–21.
11. Foster TJ. Plasmid-determined resistance to antimicrobial drugs and toxic
metal ions in bacteria. Microbiol Rev. 1983;47(3):361–409.
12. Towner KJ. Bacterial genetics. In: Greenwood D, Slack R, Peutherer J, Barer
M, editors. Medical microbiology: a guide to microbial infections:
Om and McLaws Antimicrobial Resistance and Infection Control  (2016) 5:42 Page 7 of 8
pathogenesis, immunity, laboratory diagnosis and control. 17th ed.
Edinburgh; New York: Churchill Livingstone/Elsevier; 2007. p. 68–79.
13. Compassion in World Farming. Antibiotics in farm animal production. 2011.
http://www.fao.org/fileadmin/user_upload/animalwelfare/antibiotics_in_
animal_farming.pdf. Accessed 2 Feb 2016.
14. Black WD. The use of antimicrobial drugs in agriculture. Can J Physiol
Pharmacol. 1984;62(8):1044–8.
15. Gustafson RH, Bowen RE. Antibiotic use in animal agriculture. J Appl
Microbiol. 1997;83(5):531–41.
16. Economou V, Gousia P. Agriculture and food animals as a source of
antimicrobial-resistant bacteria. Infect Drug Resist. 2015;8:49–61.
17. Landers TF, Cohen B, Wittum TE, Larson EL. A review of antibiotic use in food
animals: perspective, policy, and potential. Public Health Rep. 2012;127(1):4.
18. Harbarth S, Balkhy HH, Goossens H, Jarlier V, Kluytmans J, Laxminarayan R,
et al. Antimicrobial resistance: one world, one fight! Antimicrob Resist Infect
Control. 2015;4:49.
19. Berglund B. Environmental dissemination of antibiotic resistance genes and
correlation to anthropogenic contamination with antibiotics. Infect Ecol
Epidemiol. 2015;5:28564.
20. WHO. Tackling antibiotic resistance from a food safety perspective in
Europe. Copenhagen; 2011. http://www.euro.who.int/__data/assets/pdf_file/
0005/136454/e94889.pdf?ua=1. Accessed 30 Jun 2016.
21. Endtz HP, Ruijs GJ, van Klingeren B, Jansen WH, van der Reyden T, Mouton
RP. Quinolone resistance in campylobacter isolated from man and poultry
following the introduction of fluoroquinolones in veterinary medicine.
J Antimicrob Chemother. 1991;27(2):199–208.
22. Sapkota AR, Curriero FC, Gibson KE, Schwab KJ. Antibiotic-resistant
enterococci and fecal indicators in surface water and groundwater
impacted by a concentrated Swine feeding operation. Environ Health
Perspect. 2007;115(7):1040–5.
23. Stobberingh E, van den Bogaard A, London N, Driessen C, Top J, Willems R.
Enterococci with glycopeptide resistance in turkeys, turkey farmers, turkey
slaughterers, and (sub)urban residents in the south of The Netherlands:
evidence for transmission of vancomycin resistance from animals to
humans? Antimicrob Agents Chemother. 1999;43(9):2215–21.
24. Mulders MN, Haenen AP, Geenen PL, Vesseur PC, Poldervaart ES, Bosch T,
et al. Prevalence of livestock-associated MRSA in broiler flocks and risk
factors for slaughterhouse personnel in The Netherlands. Epidemiol Infect.
2010;138(5):743–55.
25. Castanon J. History of the use of antibiotic as growth promoters in
European poultry feeds. Poult Sci. 2007;86(11):2466–71.
26. Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP,
et al. Global trends in antimicrobial use in food animals. Proc Natl Acad Sci
U S A. 2015;112(18):5649.
27. FAO, Regional Office for Asia and the Pacific. Antimicrobial Use in Livestock
Production and Antimicrobial Resistance in the Asia-Pacific Region. http://cdn.
aphca.org/dmdocuments/RBR_1210_APHCA%20AMR.pdf. Accessed 15 Feb 2016.
28. Chuanchuen R, Padungtod P. Antimicrobial resistance genes in Salmonella
enterica isolates from poultry and swine in Thailand. J Vet Med Sci.
2009;71(10):1349–55.
29. Boonmar S, Morita Y, Pulsrikarn C, Chaichana P, Pornruagwong S,
Chaunchom S, et al. Salmonella prevalence in meat at retail markets in
Pakse, Champasak Province, Laos, and antimicrobial susceptibility of isolates.
J Glob Antimicrob Resist. 2013;1(3):157–61.
30. Lay KS, Vuthy Y, Song P, Phol K, Sarthou JL, Lay KS, et al. Prevalence, numbers
and antimicrobial susceptibilities of Salmonella Serovars and Campylobacter spp.
in retail poultry in Phnom Penh, Cambodia. J Vet Med Sci. 2010;73(3):325–9.
31. World Bank. Cambodia country overview. 2016. http://www.worldbank.org/
en/country/cambodia/overview. Accessed 09 Sept 2016.
32. National Institute of Statistics, Ministry of Planning. Cambodia Demographic
and Health Survey 2014. Phnom Penh; 2014. https://dhsprogram.com/pubs/
pdf/FR312/FR312.pdf. Accessed 24 Aug 2016.
33. Heft-Neal S, Otte J, Roland-Holst D. Poultry sector transition in Cambodia. In:
Zilberman D, Otte J, Roland-Holst D, Pfeiffer D, editors. Health and animal
agriculture in developing countries, vol. 19. Springer New York Dordrecht
Heidelberg London: Food and Agriculture Organization of the United
Nations; 2012. p. 371–89.
34. FAO Animal Production and Health Division. Review of the poultry
production and assessment of the socio-economic impact of the highly
pathogenic avian influenza epidemic. Cambodia; 2004. http://www.fao.org/
docs/eims/upload//228586/poultrysector_khm_en.pdf. Accessed 7 Nov 2016.
35. FAO. Rural livelihood and biosecurity of smallholder poultry producers and
poultry value chain - Gender and socio-economic impacts of highly
pathogenic avian influenza (HPAI) and its control in Siem Reap Province,
Cambodia. Rome; 2009. http://www.fao.org/docrep/013/al681e/al681e00.
pdf. Accessed 7 Nov 2016.
36. National Veterinary Research Institute, DAHP, MAFF. Characterisation of Swine
production systems in the Cambodian Mekong lowland region. Phnom Penh;
2012. https://agrocambodia.files.wordpress.com/2011/05/characterization-of-
swine-pro-duction-system-in-southeastern-cambodia-c2ad-preliminary-work-
to-epidemiological-studies.pdf. Accessed 28 Sept 2016.
37. Sovann S, San S. Pig production in Cambodia. In: Jones R, editor. Priority for
research in Southeast Asia and the Pacific to 2010. Canberra: Australian
Centre for International Agricultural Research; 2010.
38. Giacomini M, Cook D. Users’ guides to the medical literature XXIII.
Qualitative research in health care A. Are the results of the study valid?
JAMA. 2000;284(3):357–62.
39. Morse JM, Morse JM. The significance of saturation. Qual Health Res.
1995;5(2):147–9.
40. Francis JJ, Johnston M, Robertson C, Glidewell L, Entwistle V, Eccles MP,
et al. What is an adequate sample size? Operationalising data saturation for
theory-based interview studies. Psychol Health. 2009;25(10):1229–45.
41. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol.
2006;3:77–101.
42. Sandelowski M, Leeman J. Writing usable qualitative health research
findings. Qual Health Res. 2012;22(10):1404–13.
43. Archawakulathep A, Kim C, Meunsene D, Handijatno D, Hassim H, Rovira H,
et al. Perspectives on antimicrobial resistance in livestock and livestock
products in ASEAN countries. Thai J Vet Med. 2014;44(1):5–13.
44. FAO/WHO. Maximum Residue Limits (MRLs) and Risk Management
Recommendations (RMRs) for Residues of Veterinary Drugs in Foods (CAC/MRL
2-2015): Updated as at the 38th Session of the Codex Alimentarius Commission
(July 2015). 2015. http://www.fao.org/fao-who-codexalimentarius/standards/
vetdrugs/veterinary-drugs/en/. Accessed 10 Nov 2016.
45. Hershberger E, Oprea SF, Donabedian SM, Perri M, Bozigar P, Bartlett P, et al.
Epidemiology of antimicrobial resistance in enterococci of animal origin.
J Antimicrob Chemother. 2005;55:127–30.
46. Smith KE, Esser JMB, Edberg CWH, LEano F, BEnder JB, Wicklund JH, et al.
Quinolone-resistant Campylobacter Jejuni infection in Minnesota, 1992–
1998. N Engl J Med. 1999;340(20):1525-32.
47. Nelson JM, Chiller TM, Powers JH, Angulo FJ. Fluoroquinolone-resistant
Campylobacter species and the withdrawal of fluoroquinolones from use in
poultry: a public health success story. Clin Infect Dis. 2007;44(7):977–80.
48. Emary K, Moore CE, Chanpheaktra N, An KP, Chheng K, Sona S, et al. Enteric
fever in Cambodian children is dominated by multidrug-resistant H58
Salmonella enterica serovar Typhi with intermediate susceptibility to
ciprofloxacin. Trans R Soc Trop Med Hyg. 2012;106(12):718–24.
49. Vlieghe ER, Phe T, De Smet B, Veng HC, Kham C, Lim K, et al. Bloodstream
infection among adults in Phnom Penh, Cambodia: key pathogens and
resistance patterns. PLoS One. 2013;8(3):e59775.
50. Kasper MR, Sokhal B, Blair PJ, Wierzba TF, Putnam SD, Kasper MR, et al.
Emergence of multidrug-resistant Salmonella enterica serovar Typhi with
reduced susceptibility to fluoroquinolones in Cambodia. Diagn Microbiol
Infect Dis. 2010;66(2):207–9.
51. Jacoby GA, Chow N, Waites KB. Prevalence of plasmid-mediated quinolone
resistance. Antimicrob Agents Chemother. 2003;47(2):559–62.
52. Strahilevitz J, Jacoby GA, Hooper DC, Robicsek A. Plasmid-mediated quinolone
resistance: a multifaceted threat. Clin Microbiol Rev. 2009;22(4):664–89.
Om and McLaws Antimicrobial Resistance and Infection Control  (2016) 5:42 Page 8 of 8
